
Technical Status Report No. 1 

A Study of the Effect of Surfaces on Oxygen Atom 

Recombination at Low Pressures 

Rensselaer Polytechnic Institute 
T r o y ,  N.Y. 

1 May 1967 to 31 October 1967 

Research Grant No. NGR-33-018-086 

RPI Project 441.22 

P. Harteck 

R.R. Reeves, Jr. 



ABSTRACT 

The purpose of this work is to determine the catalytic 

effect of surfaces on constituents found in the upper regions 

of the atmosphere in the pressure region of lc5 to 

The work is directly related to t h e  problem of satellite ex- 

periments involving mass spectrometric measurements in this 

region where surfaces may alter o r  react with oxygen and 

hydrogen atoms. 

torr. 

This interim report discusses the experimental techniques 

and many of the direct and indirect problems involved and the 

results obtained today. 

What surfaces may b e  used most satisfactorily at this time 

is still a major question. Some surfaces can be excluded others 

which seem to be satisfactory have to be tested further to 

determine if they are reliable under all conditions. The 

problem is especially complicated due to the presence of oxygen 

atoms and hydrogen atoms. 

In addition there is the special problem of the high relative 

velocity of the atmospheric particles ( >4ev f o r  0-atoms) which 

impinge on the satellite at velocities corresponding essentially 

to the velocity of the satellite. Such highly energetic collisions 

may produce anomolous results, which are difficult to predict from 

the results of laboratory experiments. 



Qascuss ion :  

The s tudy  of r e a c t i o n  k i n e t i c s  i s  complicated by t h e  

number of v a r i a b l e s  p r e s e n t :  

i m p u r i t i e s ,  f low p a t h s ,  r e a c t i o n  times, e t c .  Low pressures  

s t u d i e s  are d i f f i c u l t  because of t h e  large d i f f u s i o n  c o e f f i c i e n t s  

i nvo lved  and t h e  l a c k  of s t reaming.  

by r e l a t i v e l y  i n e r t  adsorbed g a s  layers may become d i r e c t l y  

exposed and mixtures  of 0 and H-atoms e s p e c i a l l y  may react under 

these c o n d i t i o n s .  

p r e s s u r e ,  temperature, c o n s t i t u e n t s ,  

Sur faoes  normally covered 

A t  t h i s  time w e  have an  o p e r a t i n g  system i n c l u d i n g  a re- 

a c t i o n  t u b e  maintained a t  less t h a n  one mil l imeter  t o t a l  pres- 

s u r e  w i t h  c a p a b i l i t y  o f  st reaming through it e i t h e r  0 o r  H- 

atom o r  both ,  from which s ide-s t reams of known c o n c e n t r a t i o n  may 

be f ed  into r e a c t i o n  volumes o p e r a t i n g  a t  a few microns and down 

t o  mm and even much lower. Calibrated flow c o n t r o l s  were 

b u i l t  and flow c h a r a c t e r i s t i c s  determined.  A t  t h e s e  low pres- 

s u r e s  i t  i s  very d i f f i c u l t  t o  ma in ta in  n e g l i g i b l e  bqck d i f fugiaz?  

from t h e  pumping system and theye fo re  l i q u i d  helium f o r  cryogenic  

pumping was used t o  o b t a i n  t h e  best  c o n d i t i o n s .  The des i red  

steady-state p r e s s u r e  r e s u l t s  from a ba lance  of i n p u t  and ou tpu t  

f lows .  

F i r s t  experiments  have been made $n de termining  t h e  ozone 

format ion  wi th  and wi thout  sample s u r f a c e s .  

To get  r e s u l t s  i n  a r e l a t i v e l y  s h o r t  t ime w e  made our  f i r s t  

experiment i n  the r e g i o n  of mm, but obviously t h e s e  can now 

be extended without  any d i f f i c u l t y  i n t o  regiOns of p r e s s u r e  
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s e v e r a l  decades lower.  

c 

3. 

Af te r  a run  o f  s e v e r a l  hours  under  t h e s e  c o n d i t i o n s  a weak 

b l u e  haze could r e a d i l y  be observed when t h e  l i q u i d  helium was 

removed. Oxygen atoms r e s u l t  i n  ozone format ion  a t  low tem- 

p e r a t u r e  and t h i s  conversion i s  used t o  i n d i c a t e  t h e  oxygen atom 

c o n c e n t r a t i o n s .  The i n t e r e s t i n g  k i n e t i c  d e t a i l s  are omi t ted  

here .  

o f  s i l i c a  g e l  and l i q u i d  N 2  c o o l i n g ,  and t h e  c o n t e n t  of ozone 

cou ld  be  r e a d i l y  measured by i t s  l i g h t  a b s o r p t i o n .  For minor 

amounts of  ozone w e  may have t o  t r a n s f e r  t h e  Ozone-oxygen 

mix tu re  by helium cryogenic  t echn iques .  

The evapora ted  gas  was t r a n s f e r r e d  i n t o  a c e l l  by means 

Mass s p e c t r o m e t r i c  methods f o r  measuring oxygen atoms i n  t h e  

l a b o r a t o r y  a t  these low p r e s s u r e s  do n o t  seem feas ib l e  i n  g e n e r a l  

a t  least  wi thout  very  h i g h  expense and c o n s i d e r a b l e  e f f o r t .  The 

mass spec t romete r s  under  f l i g h t  c o n d i t i o n s  are obvious ly  s u p e r i o r  

i n  performance t o  t h o s e  i n  t h e  l a b o r a t o r y  w i t h  t h e  pumping 

f a c i l i t y  o f  " o u t e r  space".  . 
One a l t e r n a t e  p o s s i b i l i t y  i f  needed i s  0-atom measurements v i a  

t h e  resonance l i n e s  1 3 0 2 ,  1304 and 1306 A analogous t o  methods 

used  i n  a tomic a b s o r p t i o n  appa ra tus .  For  t h i s  case  ou r  c a l c u l a -  

t i o n s  i n d i c a t e  0-atom c o n c e n t r a t i o n s  might be  measured i n  t h e  

t o  p o s s i b l y  l o m 7  t o r r  r e g i o n .  C e r t a i n  compl i ca t ions  occur ,  

however, because of  t h e  r e l a t i v e  v e l o c i t i e s  of  t h e  system t o  t h e  

0-atoms f o r  any space  a p p l i c a t i o n s .  

I n  a d d i t i o n  w e  a re ,  however, now developing  a micro-photo- 

m e t r i c  method w i t h  t he  goa l  t o  measure t h e  c o n c e n t r a t i o n s  of 
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very  r a r i f i e d  p a r t i c l e s  w i t h  a p p l i c a t i o n  t o  problems o f  t h e  

upper atmosphere.  

work, c e r t a i n  two body recombinat ions occur  w i t h  emission of 

I n  t h i s  connec t ion  w e  have shown i n  e a r l i e r  

l i g h t  such as: 

NO + 0 +NO2 + hv 

S O  + 0 +SO2 + hv k2 = 1 0 - ~ 5  

kl = 6 (par t /cc)- ' sec  -1 

11 ?1 I' 

It can e a s i l y  b e  seen  tha t  $f 0-atoms a t  p a r t i c l e  

c o n c e n t r a t i o n  p r e v a i l  and we add through a leak s u f f i c i e n t  amounts 

of NO t o  y i e l d  a s t a t i o n a r y  s t a t e  o f  p a r t i c l e s  of NO, t h e n  

6 x 1 0  3 l i g h t  quan ta  cc/sec are e m i t t e d .  Our  arrangement should 

be s e n s i t i v e  enough t o  measure t h i s  l i g h t  i n t e n s i t y  r e a d i l y .  ( A t  

p r e s e n t  S O  would n o t  appear  feasible  a l though  t h e  r a t e  c o e f f i c i e n t  

i s  l a r g e r ) .  

Obvious it would be hard t o  send such an ins t rument  on a 

f l i g h t  wi thout  major  c o s t l y  t e c h n i c q l  developments.  However, i n  

t h e  l a b o r a t o r y  i t  seems t o  be a very  v a l u a b l e  t o o l  because con- 

t i n u o u s  measurements w i t h i n  seconds could be performed and even 

a d d i t i o n a l  exper iments  concerning i n t e r f e r e n c e  of  absorbed 0-atoms 

on s u r f a c e s  cou ld  be determined by t h i s  t echn ique .  T h i s  would 

i n v o l v e  t h e  ra te  of e q u i l i b r a t i o n  o f  an adsorbed,  0-atsm l aye r  on 

a s u r f a c e .  

A t  p r e s e n t  our  g e n e r a l  conc lus ions  i n v o l v e  much o f  t h e  known 

p r e v i o u s  r e s u l t s  and r e s u l t  e s p e c i a l l y  i n  c o n c e m  f o r  t h e  e f f e c t  

of H - a t o m s  when mixed w i t h  0-atoms. A l s o  t h e  very  fqst a tmospher ic  

p a r t i c l e s  may no t  "bounce" on f i r s t  c o l l i s i o n  w i t h  t h e  v e h i c l e ,  bu t  

i n  c e r t a i n  c a s e s  even be imbedded i n  t h e  s k i n .  Te f lon ,  however, 
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does appear  t o  hold  up reasonably  i n  a t e s t  system we have used 

and does 

w i t h  0-atoms even a t  r e l a t i v e l y  h igh  p r e s s u r e s .  

n o t  r e a c t  w i t h  H-atoms s i g n i f i c a n t l y  as was known, no r  

The re fo re ,  

Te f lon  may be a p p r o p r i a t e  f o r  a s u r f a c e  which i s  n o t  exposed 

t o  d i r e c t  impact o f  t h e  atmospheric  p a r t i c l e s .  For t h e  e n t r a n c e  

area where p a r t i c l e s  w i t h  h igh r e l a t i v e  e n e r g i e s  w i a l  impinge, 

s u r f a c e  w i t h  r i g i d  c r y s t a l  l a t t i c e  w i l l  have t o  be i n v e s t i g a t e d .  


